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AMENDMENT NO, 1 JANUARY 1996 

TO 

IS 13828 : 1993 IMPROVING EARTHQUAKE 

RESISTANCE OF LOW STRENGTH MASONRY 

BUILDINGS — GUIDELINES 

( Second cover page. Foreword, para 2, line 10 ) — Add *and 1993* after 

*ia1976' 

( Page i, clause 1,1.1 ) — Substituic ttie following for the existing clause 

'*LL1 The provisions of this standard are applicable m all seismic ^ones No 
special provisions are considered necessary for buiJdmgs in seismic zones I and 
II if ccmenl-sand mortar not ]er*ncr than 1 6 is used m masonry and ^through' 
stones or bonding elements arc used in stone walls '* 

{Page 1, douse I ) — Subsmulc M597 (Part 1) ]99T for']591 (Pan 1) 
l%7'and'iy04 \9%'for'\904 1984' 

( Page 3, Table 1, coll) -^ Substitute 'ks^ ihan i)05' for the existing matter 
agrjinsl c*ilegory A and ') quat to or more (han 012' for the existing in. liter against 
cHtcgory E 

[Page 3, clause HAM Jast line) —Suhslilule M 5' for '\ 5* 

( Page 4 clause 8.3.1 ) — Substitute MS 1597 (Part 1) 1992^ far 'IS 1597 
(Part 1) 1967' 

( Page 6, Ftgurc 4 ) — Substitute the following for the exisdng figure 
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Amend No, 1 to IS 13828 : 1993 

( Page 6, Table 2 ) — Add the following matter after (iv) ; 
'v) Widih of opening of vcrtlilaior bS.Mosf 750 mm 750 mm' 

( Page 6, Figure 5 ) — Substitute the following for the existing figure: 



^'''' '""EBE^'I 



SECTION AT t% 
40df««H4Qd 




W^ Window 

t ^ Wall thickness 

i\ = Lintel ihiciu\es$ 



f2 = Thickness of concrete in jamb 

V = Vertical bar 

d - Diameterof reinforcing bars 



FIG. 5 STRENGTHENING MASONRY AROUND OPENING 

( Page 6, Table 2 ) — Againsl building category A, delete 1 and 2 and c, f 
be first line and subslirutc in coi 2 '1, 2 and 3' for '3* in the second line as 



Jn the 
given below 

: A 



1,2 and 3 



(3) 
b, c, f, g 



( Page 11 ) — Insert the composition of the Earthquake Rcsistint 
Suba)mmittec, CED 39:1 as follows:. 

'Earthquake Resistant Constryciion Subcommittee, CED 39 : 1 
Ccmveaer Hepresensing 



DrAS.ARYA 
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AMENDMENT NO. 2 APRIL 2002 

TO 

IS 13828:1993 IMPROVING EARTHQUAKE 

RESISTANCE OF LOW STRENGTH MASONRY 

BUILDINGS — GUIDELINES 

I Pit<>c I, chiKse l.Ll ( \ee also Anunuhnent No. \ ) \ — Substitute zone 
ir/h/-7.oncs ! iind W 

( Page I , clcuiie 3.6 ) — Substitute the roliowing for the existing: 

"3.6 Seismic Zone and Seismic Coefficieni 

'The bcibmic zuiies II to V as classified and the corresponding zone factors as 
specified in 6.4.2 (Table 2) of IS 1893 (Part 1 )/ 

( Pa^e I, chuise 3,7 ) — Substitute the following for the existing: 

3.7 Zone Factor (Z) 

It ts a factor to obtain the design spectrum depending on the perceived maximum 
seismic risk characterized by maximum considered earthquake (MCE) in the 
zone m which the structure is located/ 



( CED 39 ) 
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AMENDMENT NO, 3 FEBRUARY 2005 

10 

IS 13828:1993 IMPROVING EARTHQUAKE 

RESISTANCE OF EOW STREN(iTH MASONRY 

BIIILDIN(;S — OUIDEMNES 

( P{n>e '^. ( limsi' 7 ) — Sulishluie the IoIIovmho (oi ihc cvisunt' ^Lmso 

7 CATEGORIES OF BUILDINGS 

7.1 hor the puiposc of specifying the cjilhquakc resistant Icaiuies in inasoni) 
and wooden buikinigs. ihc buildings ha\e been Late^nii/ed in h\.e Laieuttnes A 
to li based on the seismic lowc: and the impoitanoe ot building A \shcfc / ^ 
Inipoitjnee factoi applicable to the builduii! [svc 6.4.2 .nui Tabic; 6 of IS 180^ 
(Part 1 ) ■ 2002 ' 

7,1.1 The building categi>nes aie given m Table 1 

Table 1 Buildmg Categories for Earthquake 
Resistant Features 




(f 



Scisniit Zone 



Hi 
( 



NOThS 

1 ("dlfcoiy A IS mm Jt'liinLt as /tine 1 dix's not exist .ui\ nunc 
2 Unv Nii cnu th mjson ty shall m_u t|^ u^t^tl tiir cak'gon \ ^^ 



IV 
D 
E 



( Pa\*e 3, Table I under clause 8.1.1 ) — Delete 
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Earthquake Engineering Sectional Committee, CED 39 



FOREWORD 

This Indian Standard was adopted by the Bureau ol Indian Standards, after the draft finalized by the 
Earthquake Engineering Sectional Committee had been approved by the Civil Engineering Division 
Council. 

Himalayan-Na^a Lushai region, Indo^Gangetic' Plain, WVstcrn India and Kutch and Kathjawar regions 
are geologically unstable parts of the country and .sornc (itvdstatin^ earth(|uakes of the world have occurred 
there, A major part of the peninsular India, has alsu been visited by moderate earthquakes, but these 
were relatively few in number and had considerably lesser intensity. It has been a Jong felt need to 
rationalize the earthquake resistant design and consttuctioa of structures taking into accuunt seismic data 
from studies of these Indian earthquakes, particularly in view of the heavy construction programme at 
present all over the country. It is to serve thi^i purpose that IS 1893 : 198^ 'Criteria for earthquake resis- 
tant design of structures' was prepared. It lays down tlu! sriunic zone??, thr basic seismic coefTicients and 
other factors and criteria for various structures. As an adjunct to IS 1893, IS \?>2G 'Code oi practice for 
earthquake resistant design and construction of buildini^s* was prepared in 1967 and revised in 1976. This 
contained some recommendations for low stiength brick and stonc»buildings. Earthquake damages to such 
buildings in Himachal Pradesh, North Bihar and Hill distrirts of Uttar Pradesh emphasized the need to 
expand these provisions. In order to assign the subject the importance it demanded in the context of 
prevalence of such buildings in the seismic zones It was tiiercfore considered appropriate to issue a 
separate standard on the subject. It is naturally tied to IS 1893 in view of the seismic zones and coeffici' 
cnts. It will be useful to read this standard along with IS 4326, 

The Sectional Committee responsible for the preparation of this statidard has taken into consideration the 
views of all who are interested in this field and has related tlie standard to the prevailing practices in the 
country. Due wcightagc has also been given to the need for international co-ordination among the 
standards and practices prevailing in different countries of the world. 

The Commiltee responsible for the preparation of this standard is given at Annex A. 

In the preparation of this standard, the publication 'Guiflelines for earthquake resistant non-engineered 
constructton'j published by the International Association for I'.arthquake Fnglneering, Tokyo, October 
1986, has been freely referred to. 
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Indian Standard 



IMPROVING EARTHQUAKE RESISTANCE OF 
LOW STRENGTH MASONRY BUILDINGS - 

GUIDELINES 



1 SCOPE 

lei This standard covers the special features of 
daign and construction for improving earthquake 
resistance of buildings of low-strength. masonry, 

lAA The provisions of this standard are appli- 
cable in seismic zones III to V, No special 
provisions arc considered necessary for buildings 
in seismic zones I and H. 

1J,2 The various provisions of IS 4326 : 1993 
regarding general principles, special construction 
features, types of construction, categories of 
buildings and masonry construction with rect- 
angular masonry units arc generally applicable to 
the masonry buildings ol low strength dealt with 
in thifl standard. There arc however certain 
restrictions, exceptions and additional details 
which arc specifically included herein. For com- 
pleteness however all necessary portions are 
repeated here. 

NOTE —Attention is htrtby drawn lo thi* faci that 
low-slrcngih masonry a« df»alt with heroin will atithi^r 
qualtfv as « ngint'i^rcd constritction nor totally frcn 
Irom collapse in the severe seismic inteniities VIII or 
IX. However, inclusion of special ;«( ismic design »nd 
(onstriiction feaiuns provided hircin will ratss^ ih -ir 
seismic rcsistaiici* appreciably, reducing gr«*atly tlin 
chances of cn)lapip evt*n in snrli si-ismic intensities. 

2 REFERENCES 



The lollowini^ Indian Standards 
adjuncts to this standard: 



are necessary 



JS No. 
1597 
( r^rt I ) : 1067 

1893 : 1984 



1904 : 1984 



Tiile 
Code of practirt: fc^r constric- 
tion of stone inasuniy ; Fart 1 
Rubble stone masonry 
Criteria for earthquake rcsis* 
tant design of structure? 
( first revision ) 

Code of pra( lice for design 
and construction of founda- 
tions in soils : General 
requirements 

Code of practice for earth- 
quake resistant design and 
construction ot buiMings 
( second ffvision ) 
3 TERMINOLOGY 

3.0 For the purpose of this standard, the follow- 
ing definitions shall apply. 
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3.1 Low Strsstgtli Mas®&sy 

Includes fired brick work laid in clay mud mortar 
and random rubble; uncourscd, undressed or 
semi-dressed stone masonry in weak mortars; such 
as cement sand, ltme«sand and clay mud. 

3.2 Centre of Rigidity 

The point in a structure where a lateral force 
shall be applied to produce equal deflections of 
its components at any one level in any particular 
direction. 

3.3 S&eu Wall 

A wall designed to resist lateral force in its own 
plane. 

3.4 Box System 

A bearing wall structure without a space frame 
the horizontal forces being resisted by the walls 
acting as shear walls. 

3.5 Band 

A reinforced concrete, reinforced brick or wooden 
runner provided horizontally in the walls to tic 
them together, and to impart horizontal bending 
strength in them. 

3,^ SeisiBic Zome mkd Seismic Coefficient 



to V as classified and 
seismic coefficient «(» 



the 

as 



The seismic zones I 
corresponding basic 
specified in IS 1893 i 1984 

3.7 Design Seismic CoeMelent ( csj^ ) 

The value of horizontal seismic coefficient 
computed taking into account the soil foundation 
syste-m and the importance factor as specified 
inX4.2.3(a} of IS 1893 : 1984. 

3M Cones'ete Gradf^s 

28 days crushing strength of concrete cubes of 
150 mm side in MPa, for example, for Ml 5 grade 
concrete crushing strength 15 MPa. 

4 GENERAL PRINCIPLES 

4.0 General 

The general principles given in 4,1 to 4,5 should 
be observed in the construction of buildings for 
improving their earthquake resistance. 



I 
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4«1 Ugktae«8 

Since the cArthquake force ii a function of massi 
the building ihould be as light &s possible comis* 
tent with structural safety and functional 
requiremenUi. Roofs and upper storeys of buildings 
in particular should be designed as light as 
possible. 

4«2 CSoiatiAiiitf of f3ott9tr«etlMi 

4.2.1 As far as possible, all parts of the building 
should be tied together in such a manner that 
the building acts as one unit, 

4«2.2 For integral action of building, roof and 
floor slabs should be continuous throughout m 
far as possible. 

4«2.3 Additions and alterations to the structures 
should be accompanied by the provision of 
positive measures to establish continuity between 
the existing and the new construction. 

43 Projecting »ad Siia|ieiid«d pMrta 

4tS*l Projecting parts should be avoided as far as 
possible. If the projecting parts cannot be avoid'- 
ed, they should be properly reinforced and firmly 
tied to the main structure and their design should 
be in accordance with IS 1893 : 1984. 

NOTE — Id cases where lUbility of projecting parts 
s|[aiiiic overt uroing it achieved by counterweight in the 
form of wall, »lab etc, the overturning should be 
checked by increasing the weight of the projecting 
part and decreasing the weight of stabilising mass 
simultaneously in accordance with the venical seismic 
coefficient specified in 4.4.2 of IS 1893 : 1984. 

4«3.2 Ceiling piaster should preferably be avoid* 
ed. When it is unavoidable, the plaster should be 
as thin as possible. 

4«3.3 Suspended ceiling should be avoided as far 
as possible. Where provided, they should be light 
and adequately framed and secured. 

4.4 Shape of Bcsildlssg 

In order to miniiaiize torsion, the building should 
have a simple rectangular {rfan and be sym- 
metrical both with respect to mass and rigidity 
so that the centres of mass and rigidity of the 
building coincide with each other* It will be 
desirable to use separate blocks of rectangtiiar 
shape particularly in seismic zones V and IV. 

NOTE — For smftU buildings, minor asymmetry ia 
plfin Asid eUvAttoa may be ignored, Dengaii^g mch 
buildings agsiimt tonioa may be dtficult &ssd 
UQCertaia. 

4.5 Fljr« S&fety 

Fire frequently follows an earthquake and there- 
fore buildings should be constructed to make 
them Bre resistant in accordance with the pro- 
visions of relevant Indian Standards for fire 
safety. 



5 aPEGIAL GONSTRUCTIOH FEATURES 

S.l fowidiatloisa 

5.1,1 For the design of foundations* the provisions 
of IS 1904 : 1986 in conjunction with 
IS 1893 : 1984 shall generally be followed. 

SJ«2 The subgrade below the entire area of the 
building should preferably b^ of the same type of 
the soiL Wherever this is not possible, the build- 
ings should preferably be separated into units and 
then the units should be located separately. 

5*L3 Loose fine sand soft silt and expansive 
clays should be avoided. If unavoidable the 
following measures may be taken to improve the 
soil on which the foundation of the building may 
rest: 

a) Sand piling/under reamed piling/stone 
columns, etc, 

b) Soil stabilization. 

5«2 Roofs ftnil Floors 

5.2.1 Flat roof or floor should not preferably be 
made of tiles or ordinary bricks supported on 
steely timber or reinforced concrete joists, nor 
(hey shall be of a type which in the event of an 
earthquake is likely to be loosened and parts or 
all of which may fall. If this type of construction 
cannot be avoided f the joists should be blocked 
at ends and bridged at inteivals such that their 
spacing is not altered during an earthquake. 

5.2.L1 For pitched roofs, corrugated iron or 
asbestos sheets should be used in preference to 
country, Allahabad or Mangalore tiles or other 
loose roofing units. All roofing materials shall be 
properly tied to the supporting members. Heavy 
roofing materials should generally be avoided. 

5»2.2 Pmi Roofs 

5.2«2.I All roof trusses should be supported on 
and fixed to timber band reinforced concrete 
band or reinforced brick band. The holding 
down bolts should have adequate length as 
required for earthquake and wind forces. 

Where a trussed roof adjoins a masonry gable» 
the ends of the purlins should be carried on and 
secured to a plate or bearer which should be 
adequately bolted to timber reinforced concrete 
or reinforced brick band at the top of gable end 
masonry. 

5.2.2«2 At tie level, all the trusses and the gable 
end should be provided with diagonal braces in 
plan so as to transmit the lateral shear due to 
earthquake force to the gable walls acting as 
shear walls. 
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S,2a3 Joik Arekis 

Jack arched roofs or floors where used should be 
provided with raild steel ties in all spans along- 
with diagonal braces in plan to ensure diaphragm 

actions*. 

S.S Stalrcsi«s 

SJ.l The intercoimectioa of the stairs with the 
adjacent floors should be appropriately treated by 
providing sliding joints at the stairs to eliminate 
thdr bradng effect on the floors. L&dders may 
be made filled at one end and freely resting at 
the other. 

5J,2 Buili-in Stmrcas0 

When stairs are built monolithically with floors^ 
they can be protected against damage by provid- 
ing rigid walls at the stair opening. The walls 
enclosing the staircase should esttend through 
the entire height of the stairs and to the building 
foundations. 

6 BOX TYPE CONSTRUC3TIOI1 

This type of construction consists of prefabricated 
or ffi'Situ masonry wall along with both the axes 
of the building. The walls support vertical loads 
and al$o act as shear walls for horizontal loads 
acting in any direction. All traditional masonry 
construction falls under this category. In pre* 
fabricated wall construction, attention should be 
paid to the connections between wall panels so 
that transfer of shear between ihcm is ensured. 

7 CATEGORIES OF BUILDINGS 

For the purpose of specifying the earthquake 
resisting features, the buildings, have been 
categorised in five categories A to E, as given in 
Table !, based on the value of ajj, given by: 



i*l«l Two types of construction are included 
herein, namely; 



aii = «o/p 



where 



s^ «« design seismic coefficient for the 
buildings 

QiQ sa basic seismic coeflicient for the seismic 
zone in which the building is located 
(jw Table 2 of IS 1893 : 1984), 

1 ?= importance factor applicable to the 
building ( s€0 3.4.2 J ol IS 1893 : 1984 ). 
and 

R ea goil foundation factor ( ae 3.12.3 and 
Table 3 of IS 1893 : 1984 ). 

8 LOW STRENGTH MASONRY 
GONSTRUGTION 

S«l G«a«rdi 



a) Brick com true tion using 
and 



weak mortar, 



b) Random rubble and half-dressed stone 
masonry construction using different mor- 
tars such as clay n^ud lime-sand and 
cement sand. 

Tmbl« I BalMisig GAtdgoriss foar 
Eartliqmake Eesiotlsig F«ati&res 

( Clause 7 ) 



Gftt«gery 




Bmsge of Qth 


A 




0'04 to !m thm 0*05 


B 




0*05 to 0-06 ( both incluiivft ) 


G 




More than 0*06 but less than 
0-08 


D 




0*08 to less thao 01 2 


E 




Moffe than 012 


NOTE- 
caiegory 


" Low-streogth 
2, 


matoary shall not be usfd for 



8.1.2 These constructions should not be permitted 
for important buildings with / > 1 5 and should 
preferably be avoided for building category D 
( see Table 1 ). 

8.1.3 It will be useful to provide damp-proof 
course at plinth level to stop the rise of pore 
water into the supentructurc. 

8.1.4 Precautions should be taken to keep the 
rain water away from soaking into the wall so 
that the mortar is not softened due to wetness. 
An effective way is to take out roof projections 
beyond the walls by about 500 mm. 

8.1.5 Use of a water-proof plaster on outside face 
of walls will enhance the life of the building and 
maintain its strength at the time of earthquake 
as well, 

BAS Ignoring tensile strength, free standing 
walls should be checked against overturning 
under the action of design seismic coefficient, ah> 
allowing for a factor of safety of 1 5. 

8.3 BHckwork In W«ftk M«>rt8irs 

8e2,l The fired bricks should have a compressive 
strength not less than 3 '5 MPa. Strength of 
bricks and wall thickness should be selected for 
the total building height, 

8.2.2 The mortar should be lime-sand (1:3) 
or day mud of good quality. Where horizontal 
steel is used between courses, cement-sand mortar 
( t : 3 ) should be used with thickness so as to 
cover the steel with 6 mm mortar above and 
below it. Where vertical steel is used, the 
surrounding brickwork of 1 x I or IJ x || 
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brick size depending on waII 
preferably be built using 1 
mortar. 



thickness should 
: 6 cement'Sand 



8«2«3 The xnininsum wall thickneu shall be one 
brick in one storey construction and one brick in 
top storey and If brick in bottom storeys of 
up to three storey construction. It should also not 
be less than 1/16 of the length of wall between 
two consecutive perpendicular walls. 

8«2.4 The height of the building shall be restrict- 
ed to the following^ where each storey height 
shall not exceed 3*0 mi 

For Categories A, B and C — three storeys 

with flat roof; 
and two 

storeys plus 
attic for 

pitched roof. 

For Category D — two storeys 

with flat roof; 
and one sto- 
rey plus attic 
for pitched 
roof. 

8.2.5 Special Bond in Brick Wails 

For achieving full strength of masonry, the usual 
bonds specified for masonry should be followed 
so that the vertical joints are broken properly from 
course to course. To obtain fuU bond between per- 
pendicular walls, it is necessary to make a sloping 
( stepped ) joint by making the corners first to a 
height of 600 mm and then building the wall in 
between them. Otherwise the toothed joint should 
be made in both the walls, alternately in lifts of 
about 450 mm ( see Fig, I ). 



S.3 St4»ssa M&3®ssry ( Rmssd®iaii Risbbld or 
Half-Dsmaed ) 

8.3.1 The construction of stone masonry of ran- 
dom rubble or dressed stone type should generally 
follow IS 1597 (Parti): 1967. 

8.3*2 The mortar should be cement^sand (1 : 6 ), 
lime*sand ( 1 : 3 ) or clay mud of good quality. 

BX$ The wall thickness H' should not be larger 
than 450 mm. Preferably it should be about 
350 mm, and the stones on the inner and outer 
wythes should be interlocked with each other. 

NOTE — If the two wythts are not mterlocked, they 
tend to delftmiaate duritsg grouod shaking bulge Apart 
( iM F>g. 2 ) afid buckle separately under vertical load 
kadiag to complete coll&pie of the wall and the 
building. 

8»3«4 The masonry should preferably be brought 
to courses at not more than 600 mm lift. 

8,3.5 ^Through* stones of full length equal to 
wall thickness should be used in every 600 mm 
hft at not more than 12 m apart horizontally. If 
full length stones are not available, stones in 
pairs each of about 3/4 of the wall thickness may 
be used in place of one full length stone so as to 
provide an overlap between them ( see Fig, 3 ). 

B«3«6 In place of 'through' stones, 'bonding 
elements' of steel bars 8 to 10 mm dia bent to 
S-shape or as hooked links may be used with a 
cover of 25 mm from each face of the wall ( see 
Fig. 3 ). Alternatively, wood bars of 
38 mm X 38 mm cross section or concrete bars 
of 50 mm x 50 mm section with an 8 mm dia 
rod placed centrally' may be used in place of 
* through' stones. The wood should be well 
treated with preservative so that it is durable 
against weathering and insect action. 




a,b,€^ Toothed joiats in wall A, B^ and C 

All di«0iitioQS in millimetres. 
FlO. 1 ALTSRNATfNO TOOTHTO JoiMTS IM WaILS AT CoaNaR AND T-JUNQTION 




\, Haif-d?eiie<i conks} sione, 2. Sm&ll atlgomem 
stone, 3. Eotation of Wytbe, 4. Raodom rubble, 
3. Mud Of weak iime mortar. 

Flo. 2 Wall Delabiinated with Bugelbd 
Wythes 

§•3.7 Use of 'bonding' elements of adequate 
length should also be made at corners and junc- 
tions of walls to break the vertical joints and 
provide bonding between perpendicular walls. 

H,3»i Height of the stone masonry walls ( random 
rubble or half-drcsscd ) should be restricted as 
follows, \viih storey height to be kept 3-0 ra 
nisudmum. and span of walls between cross walls 
to be limited to 5'0 m: 

a) For categories A and B — Two storeys witli 
flat roof or one siurcy plus attic, if walls 
are built in lime^sand or mud mortar; and 
one storey higher if walls are built in 
cement-sand ! : 6 mortar. 



b) 



For categories C and D — Two storeys with 
flat roof or two storeys plus attic for 
pitched roof, if walls are built in I : 6 
cement mortar; and one storey with fiat 
roof or one storey plus aitic» if walls are built 
in Iime«3and or mud mortar, respectively. 



r ^4S0 
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83.9 If walls longer than 5 m are needed^ but- 
tresses may be used at intermediate points not 
farther apart than 4'0 m* The size of the buttress 
be kept of uniform thickness. Top width should 
be equal to the thickness of main wall^ t, and the 
base width equal to one sixth of waif height, 

8 J Opeaiisg ia Bearing W%1I® 

8«4«l Door and window openings in walls reduce 
their lateral load resistance and hence should 
preferably, be small and more centrally located. 
The size and position of openings shall be as 
given in Tabic 2 and Fig. 4. 

BA»2 Openings in any storey shall preferably 
have their top at the same level so that a continu- 
ous band could be provided over them including 
the lintels throughout the building. 

8*l»3 Where openings do not comply with the 
guidelines of Table 2, they should be strengthened 
by providing reinforced concrete lining as 
shown in Fig. 5 with 2 high strength deformed 
( H S D ) bars of 8 mm dia. 

%AA The use of arches to span over the openings 
is a source of weakness and shall be avoided, 
otherwise, steel ties should be provided. 

8.5 Seismic Strengtltesslsag Arr«ageia&esats 

8.5.1 All buildings to be constructed of masonry 
shall be strengthened by the methods as specitied 
for various categories of buildings, listed in 
Table 3, and detailed in subsequent clauses. 
Fig. 6 and 7 show, schematically, the overall 
strengthening arrangements to be adopted for 
category D buildings, which consist of horizontal 
bands of reinforcement at critical levels and 
vertical reinforcing bars at corners and junctions 
of walls. 




1. Through stone, 2. Pair of overlapping stone, 3. S-Sh»pe tie, 4. Hooked tie, 5. Wood plank, 
6, Floor level. 

(a) Scctioaal plan of wall (b) Cro«e«s«<:tion of wall 

All dimemions in millifnetres. 

FiQ. 3 Through Stonb and Bond Elsmihts 



§»41 BlS/ND/20a$ 
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4. Cross wnU 
FbO. 4 DlMSNSlONI OP 0**ENINGft AND PitRS FOR RECOMMENDATIONS IN TaBLE 2 



Table 2 Sise and PositlofiBof Opeaiffigs 
In B^aiiag Walls ( m Fig. 4 ) 

( C/a«5« 8,4.1 tfffrf 8.4.3) 



Dcscripiiott 



i) Diitan*?*' !>& from th« imJd<» 
corner oroiit«id« waII, Min 

n) Total length of op«>nmg». 
rfttio; Afoxt 

(b| + bj + b|)/Ii 
or 

^ oQfi storcyed bujlditift 
-* 2 & 3 ftSortrycrd building 

Hi) Pier width helweon consecu- 
tive openm^a b^ 

iv) Vertical dj»«aiic« bclwt»«*a two 
optmings one above the oUiMj 
h|, Mm 



luisai^g Category 



Table 3 Sireagtbeaiag Arraagementa 

Recosstmesded for Low Strength 

Masonry Boildiags 

( Clause 8,5.1 ) 



230 mm 


^ ^ 

D 
noO mm 


BttlUiiai 
Category 




NnsBber of 


Stfffngtlseffiias 
ttt be Pff«vide«l 






W 




(2) 


'3) 






A 
B 




1 and 2 

1 and 2 
3 


c,f 

b, c, f, g 

b, c, f. g 
b, c, d. r, g» 


0'4(i 

0-37 

4.'50 mm 


0-42 

0'33 

SCO mm 


G 

D 
StftngUming MHhed 


1 
2 and 3 

1 and 2 


b. c, f. g 
i>» c, d, U g 
b. c, d, f, g 


600 mm 


GOO mm 


b - IJntel band { 


m i3.2 i 








c — Roof 


band 


and gable band 


where necessary 
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SECTlOfI A! XX 




«. fls Window /g «- Thickaew of concrete 

/ «« Walt thickness ^ «> Vertical bar 

/t "" Lintal thickness 

Fjo. 5 Strsnotmenjno MAioMfty Around 
Opsnino 



( m e3«3 and 8.S4 ) 
d — Veftscal steel at corners and junctions of walU 

f*<-3ra€mg ia plan at tie level of pitched roof* 

{ueXtXt) 
g — Plinth band where necessary ( ii* 8.5.S ) 

NOTE — For building of cAfcf gory 14 in two storeys, 
constructed with stone masonry in weak morUr, it will 
be de&irabic to provide vertical steel of 10 mm dia in 
both storeys. 



8.5.2 Lintel band is a band { see 3.S ) provided 
at lintci level on all internal and eKtcrnal longi- 
tudinal as well as crim walls except partition 
walls. The details of the band arc given 
in 8.5.5. 

8.5.3 Roof band is a baud ( see 3.5 ) provided 
immediately below the roof or lloors. The 
details of the band are given in 8.5.5. Such a 
band need not be provided underneath reinforced 
concrete or reinforced brick slabs resting on 
bearing .walls, provided that the slabs cover th^ 
width of end walls fully. 
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Fio. 6 



J. Lintel band 4. Door 

2, R<K»f/F!oor b«nd 5. Window 

3. Vertical bar 

Overall Arrangement of Reinforcing 
Low Strength Masonry Buildings 



8.5.4 Gable band is a band provided at the top 
of gable masonry below the purlins. The details 
of the band are given in 8.5.5* This band shall 
be made continuous with the roof band at the 
cave level. 

8.53 Details of Band 

8.5.54 Reinforced band 

The band shoidd be made of iciufoictd concrete 
of grade not leaner than Ml 5 or reinforced brick- 
work in cement mortar not leaner than 1 : 3. The 



bands should be of the full width of the wall^ not 
lesi than 75 mm in depth and should be rcinforc- 
ed with 2 HSD bars 8 mm dia and held in 
position by 6 mm dia bar links^ installed at 
150 mm apart as shown in Fig. 8. 
NOTES 

1 lo coaiUi arc&s, thecoocrete grade shall be M20 and 
the filling mortar of i : 3 ratio ( cem«at.aand ) with 
water proogeg admixture. 

2 Iq case of relnCorced brickwork, the thickneas of 
joints contaJQiog steel bars should be iocreafed to 
20 mm lo ai to hav« a msoimum mortar coverof 6 mm 
around the bar. la bands of reinforced brickwork, the 
area of >leel provided ihould be equal to that specified 
above for reinforced concrete bands. 

3 For full integrity of walls at corners and junctions of 
walls and effective horizontal bending resistance of 
bands* continuity of reinforcement is essentia?. Th'> 
details as shown in Fig. 8 are recommended. 

8.5.5.2 IVoodfn band 

As an alternative to reinforced band, the lintel 
band could be provided using wood beams in one 
or two parallel pieces with cross clcmcnti» ;is 
shown iii Fig. 9, 

8.5.6 Plinth band is a band provided at plinth 
level of walls on top of the foundation wall, Tliii 
is to be provided where strip footings of mason* > 
( other than reinforced concrete or reinforced 
masonry ) arc used and the soil h either soft or 
uneven in its properties as frequently happens in 
hill tracts. Where used, its section may be kept 
same as in 8, 5.5. 1. This band serves as damp 
proof course as well. 




SOO rr\fT\ 



Lintel' baud 

Eaves level ( Roof ) band 

Gable band 

Door 

Window 

Vertical strel bar 

Rafter 



8. 

A) 



Ht.ldmg down bolt 

Brick/stone wall 

Door lintel integrated with roof banr^ 

Perspective viow 

Details o! tru>s connection with wall 



e) Dnail of inifgTr^fing door lintel Mtih roof bantt 



Fio. 7 Overall Arrangement of R»iNFORcmo I ow Strength Masonry Building 

Having Pitched Roof 
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(d) 



i. X^Dgitudiaal b&rs 

2, Lftteral tict 

*!.*■ — Wail thickn€i8 



a) Section of band with two bars 

b) Section of band with four ban 

c) Structural plan at comer junction 

d) Sectional plan at T-junction of walli 
All dimensions in millimetres. 

Fio» 8 Rkinforcrment and Bkndino Detail in Reinforced Ooncrbte Band 
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(a) Perspective view ^bj Plan of band 

All dimemioQs in millimetres. 

Fio. 9 Wooden Band for Low-streonth Masonry Bpildinos 



§•5.7 Vertical Reinforcement 

Vertical stec! at corners and junctions of walls 
which arc up to 350 ram thick should be provided 
as specified in Table 4. For walls thicker than 
350 mm, the area of the bars should be propor- 
tionately increased. 

0.5.7«l The vertical reinrorcement should be 
properly embedded in the plinth masonry of 
foundations and roof slab or roof band so as to 
develop its tensile strength in bond. It should 
pass through the lintel bands and floor slabs or 



Hoor level bands in all storeys. Bars in different 
storeys nnay br wrlded or suitably lappfd. 

NOTES 

1 Typical details of providiag vertical steel in brick* 
work at corners and T-junctions are shown in Fig^. 10. 

2 Tot providing vertical bar in stone masonry, uae of 
a casing pipe U recommrnded around which masonry 
be built to height of 600 mm ( t^ Fig. It ). The pipe 
is kept loose by rotating it during masonry construe* 
tion. It is tbca raised and the cavity below is filled 
with MtS (or 1 : 2 : 4 ) grade of concrete mis and 
rodded to compact it. 



8 




vJ (a) 



J_J 


) 




1 1 

^ — f~ 




—^^ — - 




X\ 


^1 




V2 






•? 




f 




1 


1/2 


i^ 










.J 


V2 














t 


1 




^'- 


i 


1 


1 

ft— — -■♦- ■* 


^ 1 ^ 





(b) 







'1 , 











1/2 




I. 4 , 

1 , ♦ 




£ 




— , 


J __ — Z 

1/2 




Z 




V = 




= 


y 


/ -r— — 






_,, y-^ 


T = 


.jiC,-^-^ 


-^ — 




^ 


, 1 -^ 

ii 7 -. 


[— 


1/2 




■ * -:-, 


^7 i 


!^ 


W-V-V- 


_|_L ^ 


M 


_J L 't 


"2 r* 1/a 


--^-T^ 


_i_ 




(c) 


"^'i^ 






r . "l 


. l4r . 


\ 




f 


\ 


,_^__ 




Ml 






, ■> ( 






^ll 




~!~ 




y 


- 




-^ 


rr. - 


V 


—A 




> 


- :Ti^- 


"T=^ 


~i^ 


'/2 




:<1 


4 Hl. 

t I * - r 


iS 


1 


f^ 




''^i^^ 


1 2 *2 r" "^ 





^d] 



1 — One*brick legntb; ^ — Haif-bf»ck length, V -- Veriica] atLtl bar with mortar/concrete filliog io pocket, 

(a) and (b) — Alternate courses in one brick wail; 

(c) aod (d) — Alternate courses at comer junction of li-bnck wail: 

(e) aod (f) — Alrernate courie* at T-junction of IJ-brick wall. 

Fia. 10 Typical Details of Providing Vertical Steel Bars in Brick Masonry 
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KStOQdWfill, 2. Vertical st«fli b&r» 3. Oulxsgpipe, 4| Through slofi« or boodiiii e!«na<at. 

Fio. 11 TvMCAL CofiSTROcmow Dbtaix. Foa IiafffALLiHO Vertioal Stbsl Bar m Rai^dou RoBftts 

Stons Masonrv 

TfiUe 4 Ves^Iesl Stmil Reimtwctm^mt la Low Stsraistli Mnmmrf W&Us 

( Clause 8.5.7 ) 



N«. of 


Storey 




mAmetmv «f MSB Ste^o 


Mm^i itt flBW» 


at Each 




StoYcyo 








OriOcai Section for 










Category 


A 


G&tegory B 


Gfttegory G 


C&tegory D 


One 


— 


Nil 




Nil 


m\ 




10 


Two 


Top 


Nil 




Nil 


10 




10 




Bottom 


Nil 




mi 


10 




12 


Three 


Top 


Nil 




10 


10 




10 




Middle 


Nil 




10 


10 




12 




Bottom 


Nil 




12 


12 




12 



NOTES 

t The diameter! given Above ftre for HSD ( High Strecgth Deformed ) bars with yield strength 415 M?&, for 
aitld-»teel pl«in bars, use equtvatent diameters. 

2 The verlical ban shouJd be covered with coiicrete of MIS grade or with mortar 1 ; 3 ( cemect-iand ) m suitahly 
created pockets around the bars ( sn Fig. 10 & 11 ]. This wlU eoiure sheir safety from corrosion and good hood 
with masoary. 

3 For category B two storey stone msAOory byildii3g)» seg note under Tablo 3. 
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